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Using data recorded in 2011 with the ATLAS detector at the Large Hadron Colhder, a search for evidence of extra 
spatial dimensions has been performed through an analysis of the diphoton final state. The analysis uses data corre- 
sponding to an integrated luminosity of 2.12 fb~^ of -i/s = 7 TeV proton-proton collisions. The diphoton invariant mass 
(m-y-y) spectrum is observed to be in good agreement with the expected Standard Model background. In the large extra 
dimension scenario of Arkani-Hamed, Dimopoulos and Dvali, the results provide 95% CL lower limits on the fundamental 
Planck scale between 2.27 and 3.53 TeV, depending on the number of extra dimensions and the theoretical formalism 
used. The results also set 95% CL lower limits on the lightest Randall-Sundrum graviton mass of between 0.79 and 
1.85 TeV, for values of the dimensionless coupling k/Mpi varying from 0.01 to 0.1. Combining with previously published 
ATLAS results from the dielectron and dimuon final states, the 95% CL lower limit on the Randall-Sundrum graviton 
mass for k/Mpi = 0.01 (0.1) is 0.80 (1.95) TeV. 
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.1. Introduction 

■ The enormous difference between the Planck scale and 
"the electroweak scale is known as the hierarchy problem. 
.A prominent class of new physics models addresses the 
'hierarchy problem through the existence of extra spatial 
.dimensions. In this paper, we search for evidence of extra 
"dimensions within the context of the models of Arkani- 
.Hamed, Dimopoulos, and Dvali (ADD) [l[ and of Ran- 
■daU and Sundrum (RS) 0]. In these models, gravity can 
.propagate in the higher-dimensional bulk, giving rise to a 
'so-called Kaluza-Klein (KK) tower of massive spin-2 gravi- 
.ton excitations (KK gravitons, G). Due to their couplings 
'to Standard Model (SM) particle-antiparticle pairs, KK 
.gravitons can be investigated in proton-proton (pp) colli- 
'sions at the Large Hadron Collider (LHC) via a variety of 
.processes, including virtual graviton exchange as well as 
'direct graviton production through gluon-gluon fusion or 
quark- antiquark annihilation. 

The ADD model [1] postulates the existence of n flat ad- 
ditional spatial dimensions compactified with radius R, in 
which only gravity propagates. The fundamental Planck 
scale in the (4 -|- n)-dimensional spacetime, Mu, is re- 
lated to the apparent scale Mpi by Gauss' law: Mp; = 



i?", where Mpi = Mpi/\/Ett is the reduced Planck 
scale. The mass splitting between subsequent KK states is 
of order 1/R. In the ADD model, resolving the hierarchy 
problem requires typically small values of 1/i?, giving rise 
to an almost continuous spectrum of KK graviton states. 

While processes involving direct graviton emission de- 
pend on Mo, effects involving virtual gravitons depend 
on the ultraviolet cutoff of the KK spectrum, denoted 



Ms- The effects of the extra dimensions are typically 
parametrized by rjc — ^ l^s^ where r]G describes the 
strength of gravity in the presence of the extra dimensions 
and is a dimensionless parameter of order unity reflect- 
ing the dependence of virtual KK graviton exchange on 
the number of extra dimensions. Several theoretical for- 
malisms exist in the literature, using different definitions 
of T and, consequently, of Ms'. 



1, (GRW) i; 



n = 2 
n > 2 



(HLZ) 



J" = ±-, (Hewett) 3; 
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where \/I is the center-of-mass energy of the parton-parton 
collision. Effects due to ADD graviton exchange would 
be evidenced by a non-resonant deviation from the SM 
background expectation. Collider searches for ADD vir- 
tual graviton effects have been performed at HERA Q, 
LEP 01, the Tevatron 3, and the LHC 0, [l3- Recent 
diphoton results from CMS are the most restrictive so far, 
setting limits on Ms in the range of 2.3 to 3.8 TeV [lo| . 

The RS model [2[ posits the existence of a fifth di- 
mension with "warped" geometry, bounded by two (3-1-1)- 
dimensional branes, with the SM fields localized on the 
so-called TeV brane and gravity originating on the other, 
dubbed the Planck brane, but capable of propagating in 
the bulk. Mass scales on the TeV brane, such as the 
Planck mass describing the observed strength of gravity, 
correspond to mass scales on the Planck brane as given 
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by Md — Mpie'^'^^" , where k and Tc are the curvature 
scale and compactification radius of the extra dimension, 
respectively. The observed hierarchy of scales can there- 
fore be naturally reproduced in this model, if krc ~ 12 
KK gravitons in this model would have a mass splitting of 
order 1 TeV and would appear as new resonances. The 
phenomenology can be described in terms of the mass of 
the lightest KK graviton excitation (mc) and the dimen- 
sionless coupling to the SM fields, k/Mpi. It is theoreti- 
cally preferred [IJI for k/Mpi to have a value in the range 
from 0.01 to 0.1. The most stringent experimental lim- 
its on RS gravitons are from the LHC. For k/Mpi= 0.1, 
'--^l fb^^ ATLAS results from G — >■ ee//i/i exclude gravi- 
tons below 1.63 TeV jl2|, assuming leading order (LO) 
cross section predictions, and a recent 2.2 fb^^ G — » 77 
result from CMS excludes gravitons below 1.84 TeV [lol |. 
using next-to-leading order (NLO) cross section values. 
These results have surpassed the limits from searches at 
the Tevatron |13i] and earlier searches at the LHC 14 1 . 

The diphoton final state provides a sensitive channel for 
this search due to the clean experimental signature, excel- 
lent diphoton mass resolution, and modest backgrounds, 
as well as a branching ratio for graviton decay to dipho- 
tons that is twice the value of that for graviton decay to 
any individual charged-lepton pair. In this letter, we re- 
port on a search in the diphoton final state for evidence 
of extra dimensions, using a data sample corresponding to 
an integrated luminosity of 2.12 fb^^ of -y/s = 7 TeV pp 
collisions, recorded during 2011 with the ATLAS detector 
at the LHC. The measurement of the diphoton invariant 
mass spectrum is interpreted in both the ADD and RS 
scenarios. 

2. The ATLAS Detector 

The ATLAS detector [1^ is a multipurpose particle 
physics instrument with a forward-backward symmetric 
cylindrical geometry and near An solid angle coverag43- 
Closest to the beamline are tracking detectors to measure 
the trajectories of charged particles, including layers of 
silicon-based detectors as well as a transition radiation 
tracker using straw-tube technology. The tracker is sur- 
rounded by a thin solenoid that provides a 2 T magnetic 
field for momentum measurements. The solenoid is sur- 
rounded by a hermetic calorimeter system, which is par- 
ticularly important for this analysis. A system of liquid- 
argon (LAr) sampling calorimeters is divided into a cen- 
tral barrel calorimeter and two endcap calorimeters, each 
housed in a separate cryostat. Fine-grained LAr electro- 
magnetic (EM) calorimeters, segmented in three longitu- 
dinal layers, are used to precisely measure the energies of 



^ ATLAS uses a right-handed coordinate system with its origin at 
the nominal interaction point in the centre of the detector and the 
2-axis along the beam pipe. CyUndrical coordinates (r, tf>) are used in 
the transverse plane, being the azimuthal angle around the beam 
pipe. The pseudorapidity r] is defined in terms of the polar angle 6 
by ri = -lntan(0/2). 



electrons, positrons and photons for |?7| < 3.2. Most of the 
EM shower energy is collected in the second layer, which 
has a granularity of A77 x A0 = 0.025 x 0.025. The first 
layer is segmented into eight strips per middle-layer cell in 
the 77 direction, extending over four middle-layer cells in 
(j), designed to separate photons from tt" mesons. A pre- 
sampler, covering \r]\ < 1.81, is used to correct for energy 
lost upstream of the calorimeter. The regions spanning 
1.5 < |?7| < 4.9 are instrumented with LAr calorimetry 
also for hadronic measurements, while an iron-scintillator 
tile calorimeter provides hadronic coverage in the range 
1 77 1 < 1.7. A muon spectrometer consisting of three super- 
conducting toroidal magnet systems, tracking chambers, 
and detectors for triggering lies outside the calorimeter 
system. 



3. Trigger and Data Selection 

The analysis uses data collected between March and 
September 2011 during stable beam periods of 7 TeV pp 
collisions. Selected events had to satisfy a trigger requir- 
ing at least two photon candidates with transverse energy 
> 20 GeV and satisfying a set of requirements, referred 
to as the "loose" photon definition 16], which includes 
requirements on the leakage of energy into the hadronic 
calorimeter as well as on variables that require the trans- 
verse width of the shower, measured in the second EM 
calorimeter layer, be consistent with the narrow width ex- 
pected for an EM shower. The loose definition is designed 
to have high photon efficiency, albeit with reduced back- 
ground rejection. The trigger was essentially fully efficient 
for high mass diphoton events passing the final selection 
requirements. 

Events were required to have at least one primary col- 
lision vertex, with at least three reconstructed tracks. Se- 
lected events had to have at least two photon candidates, 
each with > 25 GeV and pseudorapidity \'ri'^\ < 2.37, 
with the exclusion of 1.37 < \ri'^\ < 1.52, the transition 
region between the barrel and endcap calorimeters. As 
described in more detail in Ref. [l3|, photon candidates 
included those classified as unconverted photons, with no 
associated track, or photons which converted to electron- 
positron pairs, with one or two associated tracks. The two 
photons were required to satisfy several quality criteria 
and to lie outside detector regions where their energy was 
not measured in an optimal way. The two photon can- 
didates each had to satisfy a set of stricter requirements, 
referred to as the "tight" photon definition jl^l , which in- 
cluded a more stringent selection on the shower width in 
the second EM layer and additional requirements on the 
energy distribution in the first EM calorimeter layer. The 
tight photon definition was designed to increase the purity 
of the photon selection sample by rejecting most of the 
remaining jet background, including jets with a leading 
neutral hadron (mostly 7r° mesons) that decay to a pair of 
coUimated photons. 
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The isolation transverse energy E1^° for each photon 
was calculated [l^ by summing over the cells of both 
the EM and hadronic calorimeters that surround the pho- 
ton candidate within an angular cone of radius Ai? = 
- + (0 - </'^)2 < 0.4, after removing a central 
core that contains most of the energy of the photon. To 
reduce the jet background further, an isolation require- 
ment was applied, requiring that each of the two leading 
photons satisfied El^" < 5 GeV. An out-of-core energy cor- 
rection was applied, to make E1^° essentially independent 
of E^. An ambient energy correction, based on the mea- 
surement of low transverse momentum jets [ij , was also 
applied, on an event-by-event basis, to remove the con- 
tributions from the underlying event and from "pileup" , 
which results from the presence of multiple pp collisions 
within the same or nearby bunch crossings. 

For events with more than two photon candiates passing 
all the selection requirements, the two photons with the 
highest E^ values were considered. The diphoton invariant 
mass had to exceed 140 GeV. A total of 6846 events were 
selected. 

4. Monte Carlo Simulation Studies 

Monte Carlo (MC) simulations were performed to study 
the detector response for various possible signal models, 
as well as to perform some SM background studies. All 
MC events were simulated JJi] with the ATLAS detector 
simulation based on GEANt4 [l^ and using ATLAS pa- 
rameter tunes [20], and were processed through the same 
reconstruction software chain as used for the data. The 
MC events were reweighted to mimic the pileup conditions 
observed in the data. 

SM diphoton production was simulated with 
PYTHIA lEl version 6.424 and MRST2007LOMOD [22 1 
parton distribution functions (PDFs). The PYTHIA 
events were reweighted as a function of diphoton invariant 
mass to the differential cross section predicted by the 
NLO calculation of DIPHOX H version 1.3.2. The 
reweighting factor varied from w 1.6 for a diphoton mass 
of 140 GeV, decreasing smoothly to unity for large masses. 
For the DIPHOX calculation, the renormalization scale 
and the initial and final factorization scales of the model 
were all set to the diphoton mass. The various scales were 
varied by a factor of two both up and down, compared to 
this central value, to evaluate systematic uncertainties. 
The PDFs were chosen following the recommendations 
of the PDF4LHC working group with MSTW2008 
NLO PDFspi] used for the NLO predictions, and 
CTEQ6.6 [i^and MRST2007LOMOD ^ used for 
systematic comparisons. 

SHERPA ^ version 1.2.3 was used with CTEQ6L [2^ 
PDFs to simulate the various ADD scenarios for a variety 
of M5 values. Due to the interference between the SM 
and gravity-mediated contributions, it is necessary to sim- 
ulate events according to the full differential cross section 
as a function of the diphoton mass. A generator-level cut 



was applied to restrict the signal simulation to diphoton 
masses above 200 GeV. The ADD MC samples were used 
to determine the signal acceptance {A) and selection effi- 
ciency (e). The acceptance, defined as the percentage of 
diphoton signal events with the two highest _Et photons 
passing the applied i?^ and rf cuts, varied somewhat for 
the various ADD implementations and fell from typical 
values of w 20% for Ms = 1.5 TeV down to w 15% for 
Ms = 3 TeV, due mostly to the variations in the rf dis- 
tributions. The selection efficiency, for events within the 
detector acceptance, was found to be w 70%. 

RS model MC signal samples were produced using the 
implementation of the RS model in PYTHIA (211] ver- 
sion 6.424, which is fully specified by providing the val- 
ues of mc and k/Mpi. MC signal samples were pro- 
duced for a range of ma and k/Mpi values, using the 
MRST2007LOMOD [H PDFs. The products of ^ x e 
for the RS signal models were in the range w (53 — 60)%, 
slowly rising with increasing graviton mass. The recon- 
structed shape of the graviton resonance was modeled 
by convolving the graviton Breit-Wigner lineshape with 
a double-sided Crystal Ball (CB) function to describe 
the detector response. The natural width of the Breit- 
Wigner was fixed according to the expected theoretical 
value, which varies as the square of k/Mpi. The values of 
the width increase, for k/Mpi =0.1, from « 8 GeV up 
to « 30 GeV for ma values from 800 GcV to 2200 GeV, 
respectively. The parameters of the CB function, which 
includes a Gaussian core to model the detector resolution 
matched to exponential functions on both sides to model 
the modest non-Gaussian tails, were determined by fitting 
to the reconstructed MC signals. The fitted values of a of 
the Gaussian core approached a value of sa 1% for high ma 
values, as expected given the current value of the constant 
term in the EM calorimeter energy resolution, and were 
found to be independent of k/Mpi. The EM energy reso- 
lution has been verified in data using Z — >■ ee decays |28i] , 
and MC used to describe the modest differences between 
the response to photons versus electrons. The fitted values 
of the CB parameters varied smoothly with ma- Fitting 
this mass dependence provided a signal parametrization 
that was used to describe signals with any values of ma 
and k I'M PI. 

5. Background Evaluation 

The largest background for this analysis is the irre- 
ducible background due to SM 77 production. The shape 
of the diphoton invariant mass spectrum from this back- 
ground was estimated using MC, reweighting the PYTHIA 
samples to the differential cross section predictions of 
DIPHOX. 

Another significant background component is the re- 
ducible background that includes events in which one or 
both of the reconstructed photon candidates result from 
a different physics object being misidentified as a pho- 
ton. This background is dominated by 7 -I- jet (j) and jj 
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events, with one or two jets faking photons, respectively. 
Backgrounds with electrons faking photons, such as the 
Drell-Yan production of electron-positron pairs as well as 
WjZ + 7 and tt processes, were verified using MC to be 
small after the event selection and were neglected. Several 
background-enriched control samples were defined in order 
to determine the shape of the reducible background using 
data-driven techniques. In all control samples, the two 
photon candidates were required to pass the same isola- 
tion cut as for the signal selection, since removing the iso- 
lation requirement was seen to modify the diphoton mass 
spectrum. The first control sample contained those events 
where one of the photon candidates passed the tight re- 
quirement applied for the signal selection. However, the 
other photon candidate was required to fail the tight pho- 
ton identification definition, but to pass the loose require- 
ment; the latter restriction was applied to avoid any trigger 
bias, as the trigger required two loose photons. This sam- 
ple is enriched in 7 -f j events, where the photon passed 
the tight requirement and a jet passed the loose one, and 
also in events where both photon candidates were due 
to jets. A second control sample, dominated by jj events, 
was similarly defined, but both photon candidates were re- 
quired to fail the tight photon identification while passing 
the loose definition. 

The diphoton invariant mass distributions were com- 
pared for these control samples. To check for any kine- 
matic bias, the control sample with one tight and one loose 
photon candidate was further divided, with the 7j (j^) 
subsample being defined as the case with the tight pho- 
ton being the photon candidate with the highest (second 
highest) transverse energy. The diphoton invariant mass 
distributions of all three control subsamples were found to 
be consistent with each other, within statistical uncertain- 
ties. The sum of the control samples was used to provide 
the best estimate of the reducible background shape. Vari- 
ations among the subsamples were taken into account as 
a source of systematic uncertainty in the reducible back- 
ground prediction. 

The data control samples have relatively few events 
in the high diphoton mass signal region. It was there- 
fore necessary to extrapolate the reducible background 
shape to higher masses, which was done by fitting with 
a smooth function of the form J{x) = pi x x'''^~^p^^°^^ , 
and Pi are the fit parameters. This func- 



where x — 

tional form has been used in previous ATLAS resonance 
searches 
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29| , and describes well the shape of the con- 
trol data samples. 

The total background, calculated as the sum of the ir- 
reducible and reducible components, was normalized to 
the number of data events in a low mass control region 
with diphoton masses between 140 and 400 GeV, in which 
possible ADD and RS signals have been excluded by pre- 
vious searches. The fraction of the total background in 
this region that is due to the irreducible background is 
defined as the purity of the sample. The purity (p) was 
determined by three complementary methods. The most 



precise measurement resulted from a method previously 
used in References S^, 31 1 that examines the values 
of the two photon candidates. Templates for the EJ^° dis- 
tributions of true photons and of fake photons from jets 
were both determined from the data. The shape for fake 
photons was found using a sample of photon candidates 
that failed at least one of a subset of several of the se- 
lection requirements used for the tight photon definition. 
The shape for photons was found from the tight photon 
sample, after subtracting the fake photon shape normal- 
ized to match the number of candidates with large values 
(greater than 10 GeV) of E^°. In addition, for jj events, 
due to the observed significant (« 20%) correlation be- 
tween the E!^° values of the two photon candidates, a two- 
dimensional template was formed using events in which 
both photon candidates failed the tight identification. An 
extended maximum likelihood fit to the two-dimensional 
distribution formed from the E!^° values of the two photon 
candidates was performed in order to extract the contri- 
butions from 77, 7j, J7, and jj events. The fit was per- 
formed using the photon and fake photon E^° templates, 
as well as the two-dimensional jj template. The resul- 
tant value of the purity in the low mass control region was 
p = 7llg%. The uncertainty was determined by varying 
the subset of tight selection criteria failed by fake photon 
candidates, and then repeating the purity determination. 
Cross checks using either the DIPHOX prediction for the 
absolute normalization of the irreducible component, or 
fitting the shapes of the irreducible and reducible back- 
grounds to the data in the low mass control region, yielded 
consistent, but less precise results. The result from the iso- 
lation method was therefore used as the best estimate of 
the purity, and the total SM background prediction was 
set equal to the sum of the irreducible and reducible com- 
ponents, weighted appropriately by this purity value and 
normalized to data in the low mass control region. 



6. Systematic Uncertainties 

Systematic uncertainties in the DIPHOX prediction for 
the shape of the irreducible background were obtained by 
varying the scales of the model and the PDFs, while keep- 
ing the overall normalization fixed in the low mass control 
region in which the total background prediction was nor- 
malized to the data. The resultant systematic uncertain- 
ties range from a few percent at low masses, up to « 15% 
for diphoton masses of sa 2 TeV. Systematic uncertain- 
ties in the reducible background shape were obtained by 
comparing the results of the extrapolation fit for the vari- 
ous control data subsamples, in each case maintaining the 
overall normalization to the data in the low mass control 
region. The resultant uncertainties increase from « 5% for 
low masses to « 100% at a mass of « 2 TeV. 

The systematic uncertainty on the shape of the total 
background was obtained by adding in quadrature the un- 
certainties on the shapes of the irreducible and reducible 
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background components, weighted appropriately to ac- 
count for the purity. In addition, there is a contribution, 
which is roughly constant with a value of ~ 10% for dipho- 
ton masses above 800 GeV, introduced by varying the pu- 
rity value within its uncertainty. An additional overall un- 
certainty of « 2% was included due to the finite statistics 
of the data sample in the low mass control region. 

The total background systematic uncertainty starts at 
sa 2% for m^^ = 140 GeV, rises to w 15% by 700 GeV and 
then increases slowly up to almost 20% for the highest m^j 
values, above 2 TeV. 

Systematic uncertainties on the signal yields were eval- 
uated separately for the ADD and RS models. Since the 
differences were small, for simplicity the higher value was 
taken and applied to both models. The systematic un- 
certainties considered for the signal yield include the 3.7% 
uncertainty on the integrated luminosity 3^ , and a 1% un- 
certainty to account for the limited signal MC statistics. A 
value of 1% for the uncertainty on the bunch crossing iden- 
tification (BCID) efficiency accounts for the ability of the 
Level 1 trigger hardware to pick the correct BCID when 
signal pulse saturation occurs in the trigger digitization. 
In addition, a value of 2% was applied for the uncertainty 
on the efhciency of the diphoton trigger. An uncertainty 
of 2.5% was applied due to the influence of pileup on the 
signal efficiency. Finally, a value of 4.3% was taken to 
account for the uncertainty in the selection and identifi- 
cation of the pair of photons, including uncertainties due 
to the photon isolation cut, the description of the detector 
material, the tight photon identification requirements, and 
extrapolation to the high photon i?T values typical of the 
signal models. Uncertainties due to the current knowledge 
of the EM energy scale and resolution were verified to have 
a negligible impact. Adding all effects in quadrature, the 
total systematic uncertainty on the signal yields was 6.7%. 

Uncertainties in the theoretical signal cross sections 
due to PDFs and due to the NLO approximation were 
considered. The uncertainties due to PDFs range from 
« 10 - 15% for ADD models aiid_from « 5 - 10% for RS 
models. 



The authors of Refs. [33|, |3J| have privately up- 
dated their calculations of the NLO signal cross sections 
for 14 TeV, and provided k-factors to the LHC experi- 
ments to scale from LO to NLO cross section values for 
the case of 7 TeV pp collisions. The NLO k-factor values, 
evaluated in our case for \ri''\ < 2.5, have some modest de- 
pendence on the diphoton mass as well as on for the 
ADD model, and on the k/Mpi value for the RS model. 
However, the variations are within the theoretical uncer- 
tainty. For simplicity, therefore, constant values of 1.70 
and 1.75 were assumed for the ADD and RS models, re- 
spectively, and an uncertainty in the k-factor value of ±0.1 
was assigned to account for the variations. 



7. Results and Interpretation 

Figure [T] shows the observed invariant mass distribution 
of diphoton events, with the predicted SM background su- 



perimposed as well as ADD and RS signals for certain 
choices of the model parameters. The reducible back- 
ground component is shown separately, in addition to the 
total background expectation, which sums the reducible 
and irreducible contributions. The shaded bands around 
each contribution indicate the corresponding uncertainty. 
The bottom plot of Figure [T] shows the statistical signifi- 
cance, measured in standard deviations and based on Pois- 
son distributions, of the difference between the data and 
the expected background in each bin. The significance 
was calculated and displayed as detailed in Ref. [l^, and 
plotted as positive (negative) where there was an excess 
(deficit) in the data in a given bin. Table [T] lists, in bins 
of diphoton mass, the expected numbers of events for the 
irreducible and reducible background components, as well 
as for the total background, and also the numbers of ob- 
served data events. Both Figure [1] and Table [T] demon- 
strate that there is agreement between the observed mass 
distribution and the expectation from the SM backgrounds 
over the entire diphoton mass range; no evidence is seen 
for either resonant or non-resonant deviations which would 
indicate the presence of a signal due to new physics. An 
analysis using the BUMPHUNTER ^ tool found that 
the probability, given the background-only hypothesis, of 
observing discrepancies at least as large as observed in the 
data was 0.28, indicating quantitatively the good agree- 
ment between the data and the expected SM background. 
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Figure 1: The observed invariant mass distribution of diphoton 
events, superimposed with the predicted SM background and ex- 
pected signals for ADD and RS models with certain choices of pa- 
rameters. The bin width is constant in log(r?i-y^). The bin-by-bin 
significance of the difference between data and background is shown 
in the lower panel. 



Given the absence of evidence for a signal, 95% CL 
upper limits were determined on the ADD and RS sig- 
nal cross sections, using a Bayesian approach with a 
flat prior on the signal cross section. The systematic un- 
certainties were incorporated as Gaussian-distributed nui- 
sance parameters and integrated over. 
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Mass Kange 


Background Expectation 


(J bserved 


(GeV) 


Irreducible 


Reducible 


iotal 


Events 


[140,400] 


4738 ± 180 


1935 ±97 


6674 


6674 


[400, 500] 


90.0 ±8.5 


19.9 ± 1.8 


109.9 ±9.2 


102 


[500,600] 


31.1 ±4.0 


5.8 ±0.8 


37.0 ±4.2 


36 


[600, 700] 


13.7±2.3 


2.0 ±0.4 


15.7±2.4 


16 


[700, 800] 


6.2 ± 1.2 


0.8 ±0.2 


6.9 ± 1.3 


9 


[800,900] 


3.1 ± 0.4 


0.3 ± 0.1 


3.4 ± 0.5 


5 


[900, 1000] 


1.6 ±0.2 


0.14 ±0.05 


1.8 ±0.3 


1 


[1000,1100] 


1.0 ±0.2 


0.07 ±0.03 


1.0 ±0.2 


1 


[1100,1200] 


0.50 ±0.09 


0.03 ±0.02 


0.54 ±0.11 





[1200, 1300] 


0.29 ±0.07 


0.02 ±0.01 


0.31 ±0.07 





[1300, 1400] 


0.14 ±0.04 


0.010 ±0.005 


0.15 ±0.04 


1 


[1400, 1500] 


0.13 ±0.04 


0.005 ±0.003 


0.14 ±0.04 


1 


> 1500 


0.18 ±0.09 


0.009 ±0.006 


0.19 ±0.09 






Table 1: The expected numbers of events for the irreducible and reducible background components and for the total background, as well 
as the numbers of observed data events, in different diphoton mass bins. The first row, with masses from 140 to 400 GeV, corresponds to 
the control region in which the total background was normalized to the corresponding number of observed events. The errors include both 
statistical and systematic uncertainties. The errors on the irreducible and reducible background components do not include the contribution, 
which is anti-correlated between the two background components, from the uncertainty on the purity. However, this contribution is included 
in the errors listed for the total background. 



To set limits on the ADD model, the number of observed 
events with diphoton invariant mass in a high mass signal 
region was compared with the expected total SM back- 
ground. To optimise the expected limit, the ADD signal 
search region was chosen as m,^^ > 1.1 TeV. There are 2 
observed events in this signal region, with a background 
expectation of 1.33±0.26 events, where the uncertainty in- 
cludes both statistical and systematic errors. The observed 
(expected) 95% CL upper limit is 2.49 (1.94) fb for the 
product of the cross section due to new physics multiplied 
by the acceptance and efficiency. The cross section result 
can be translated into limits on rjQ and, subsequently, on 
the parameter Ms of the ADD model. As summarized in 
Table [21 assuming a k-factor of 1.70, the 95% CL lower 
limits on Ms range between 2.27 and 3.53 TeV, depend- 
ing on the number of extra dimensions assumed and the 
ADD model implementation. LO results are also included 
in Table [21 for reference. 

To determine the limits on the RS model, the observed 
invariant mass distribution was compared to templates of 
the expected backgrounds and varying amounts of signal 
for various graviton masses and k/Mpi values. A likeli- 
hood function was defined as the product of the Poisson 
probabilities over all mass bins in the search region, defined 
as m^-y > 500 GeV, where the Poisson probability in each 
bin was evaluated for the observed number of data events 
given the expectation from the template. The total signal 
acceptance as a function of mass was propagated into the 
expectation. The theory uncertainties were not included 
in the limit calculation, but are indicated by showing the 
theory prediction as a band with a width equal to the com- 
bined theory uncertainty when plotting the results. The 
resultant limits are summarized in Table [31 Using a con- 



stant k-factor value of 1.75, the 95% CL lower limits from 
the diphoton channel are mc > 0.79 (1.85) TeV for k/Mpi 
= 0.01 (0.1). 

The RS model results can be combined with the previ- 
ously published ATLAS results [12] from the dilepton final 
state, where, assuming LO cross sections and k/Mpi = 
0.1, RS gravitons with masses below 1.51 (1-45) TeV were 
excluded at 95% CL using data samples of 1.08 (1.21) fb^^ 
to search for G ee {G /x/i). To ensure their statistical 
independence, the selection cuts of the diphoton analysis 
included a veto of any events which were also selected by 
the 1.08 fb~^ G — >■ ee analysis. In performing the combina- 
tion, correlations were considered between the systematic 
uncertainties in the 77 and ee channels. In the ee anal- 
ysis [l2j, the background prediction was normalized such 
that the expected and observed numbers of events in the 
region of the Z peak agreed, eliminating the dependence 
of the ee result on the measured integrated luminosity. 
Therefore, the 77 and ee signal predictions were treated 
as uncorrelated, since there should be no correlation in 
the luminosity and efficiency uncertainties. The system- 
atic uncertainty on the QCD dijet background was treated 
as being correlated; however, this background was quite 
small so the effect was minor. The PDF and scale uncer- 
tainties were treated as correlated across all three channels, 
and affect the irreducible background in the 77 channel as 
well as the Drell-Yan background in the ee/fifi channels. 
The left plot of Figure [21 shows the combined 95% CL up- 
per limit on the product of the graviton production cross 
section times the branching ratio for G — jj/ee/ fj,fi, ob- 
tained using the same k-factor value of 1.75 for all three 
channels. As summarized in Table [31 the combined 95% 
CL lower limit is ma > 0.80 (1.95) TeV for k/Mpi = 0.01 
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k- fact or 
Value 


GRW 


Hcwctt 
Pos Neg 


HLZ 

71 = 3 n = A n = b n = Q n = 7 


1 


2.73 


2.44 2.16 


3.25 2.73 2.47 2.30 2.17 


1.70 


2.97 


2.66 2.27 


3.53 2.97 2.69 2.50 2.36 



Table 2: 95% CL limits on the value of Ms (in TeV) for various implementations of the ADD model, using both LO (k-factor = 1) and NLO 
(k-factor = 1.70) theory cross section calculations. 



(0.1). As shown in the right plot of Figure [2l the results 
can be translated into a 95% CL exclusion in the plane of 
k/M PI versus graviton mass. 



k-Factor 
Value 


Channel(s) 
Used 


95% CL Limit [TeV] 


k/M PI Value 
0.01 0.03 0.05 0.1 


1 


G ^ 77 
G 77/ee//i/i 


0.74 1.26 1.41 1.79 
0.76 1.32 1.47 1.90 


1.75 


G 77 
G — !• 77/ee//i/x 


0.79 1.30 1.45 1.85 
0.80 1.37 1.55 1.95 



Table 3: 95% CL lower limits on the mass (GeV) of the lightest RS 
graviton, for various values of k/Mpi. The results are shown for 
the diphoton channel alone and for the combination of the diphoton 
channel with the dilcpton results of Ref. [T^ . using both LO (k-factor 
= 1) and NLO (k-factor = 1.75) theory cross section calculations. 



8. Summary 

Using a dataset corresponding to 2.12 fb~^, an analysis 
of the diphoton final state was used to set 95% CL lower 
limits of between 2.27 and 3.53 TeV on the parameter Ms 
of the ADD large extra dimension scenario, depending on 
the number of extra dimensions and the theoretical for- 
malism used. The diphoton results also exclude at 95% 
CL RS graviton masses below 0.79 (1.85) TeV for the di- 
mensionless RS coupling k/Mpi— 0.01 (0.1). Combining 
with the previous ATLAS dilcpton analyses further tight- 
ens these limits to exclude at 95% CL RS graviton masses 
below 0.80 (1.95) TeV for k/'Mpi= 0.01 (0.1). 



9. Acknowledgements 

We thank CERN for the very successful operation of 
the LHC, as well as the support staff from our institutions 
without whom ATLAS could not be operated efficiently. 

We acknowledge the support of ANPCyT, Argentina; 
YerPhI, Armenia; ARC, Australia; BMWF, Austria; 
ANAS, Azerbaijan; SSTC, Belarus; CNPq and FAPESP, 
Brazil; NSERC, NRC and CFI, Canada; CERN; CON- 
ICYT, Chile; CAS, MOST and NSFC, China; COL- 
CIENCIAS, Colombia; MSMT CR, MPO CR and VSC 
CR, Czech Republic; DNRF, DNSRC and Lundbeck 
Foundation, Denmark; ARTEMIS, European Union; 
IN2P3-CNRS, CEA-DSM/IRFU, France; GNAS, Georgia; 



BMBF, DEC, HGF, MPG and AvH Foundation, Ger- 
many; GSRT, Greece; ISF, MINERVA, GIF, DIP and 
Benoziyo Center, Israel; INFN, Italy; MEXT and JSPS, 
Japan; CNRST, Morocco; FOM and NWO, Netherlands; 
RCN, Norway; MNiSW, Poland; GRICES and FCT, Por- 
tugal; MERYS (MECTS), Romania; MES of Russia and 
ROSATOM, Russian Federation; JINR; MSTD, Serbia; 
MSSR, Slovakia; ARRS and MVZT, Slovenia; DST/NRF, 
South Africa; MICINN, Spain; SRC and Wallenberg 
Foundation, Sweden; SER, SNSF and Cantons of Bern 
and Geneva, Switzerland; NSC, Taiwan; TAEK, Turkey; 
STFC, the Royal Society and Leverhulme Trust, United 
Kingdom; DOE and NSF, United States of America. 

The crucial computing support from all WLCG part- 
ners is acknowledged gratefully, in particular from CERN 
and the ATLAS Tier-1 facilities at TRIUMF (Canada), 
NDGF (Denmark, Norway Sweden), CC-IN2P3 (France), 
KIT/GridKA (Germany), INFN-CNAF (Italy), NL-Tl 
(Netherlands), PIC (Spain), ASGC (Taiwan), RAL (UK) 
and BNL (USA) and in the Tier-2 facilities worldwide. 

References 
References 

[1] N. Arkani-Hamed, S. Dimopoulos, and G.R. Dvali, Phys. Lett. 

B429, 263 (1998). 
[2] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 3370 (1999). 
[3] G. Giudice, R. Rattazzi, and J. Wells, Nucl. Phys. B544, 3 

(1999). 

[4] T. Han, J. Lykken, and R.-J. Zhang, Phys. Rev. D59, 105006 
(1999). 

[5] J. Hewett, Phys. Rev. Lett. 82, 4765 (1999). 
[6] HI Collaboration, Phys. Lett. B568, 35 (2003); ZEUS Collab- 
oration, Phys. Lett. B591, 23 (2004). 
[7] LEP Working Group LEP2FF/02-02 (2002); LEP Working 
Group LEP2FF/03-01 (2003); ALEPH Collaboration, Eur. 
Phys. J. C49, 411 (2007). 
[8] DO Collaboration, Phys. Rev. Lett. 102, 051601 (2009); DO 

Collaboration, Phys. Rev. Lett. 103, 191803 (2009). 
[9] CMS Collaboration, JHEP 1105, 085 (2011). 
[10] CMS Collaboration, arXiv:1112.0688 (2011) (submitted to 

Phys. Rev. Lett.). 
[11] H. Davoudiasl, J. L. Hewett and T. G. Rizzo, Phys. Rev. Lett. 

84, 2080 (2000). 

[12] ATLAS Collaboration, larXiv:1108l582l (2011) (accepted by 

Phys. Rev. Lett.). 
[13] DO Collaboration, Phys. Rev. Lett. 104, 241802 (2010); CDF 

Collaboration, Phys. Rev. Lett. 107, 051801 (2011). 
[14] CMS Collaboration, JHEP 1105, 093 (2011). 
[15] ATLAS Collaboration, JINST 3, S08003 (2008). 
[16] ATLAS Collaboration, Phys. Rev. D83, 052005 (2011). 
[17] M. Cacciari, G. P. Salam, and S. Sapeta, JHEP 04, 065 (2010). 
[18] ATLAS Collaboration, Eur. Phys. J. C70 (2010) 823. 



7 




Figure 2: (Left) Expected and observed 95% CL limits from the combination of G — > 77/ee//i^ channels on aB, the product of the RS graviton 
production cross section and the branching ratio for graviton decay via G — > "ff/ee/ n/i, as a function of the graviton mass. The theory curves 
are drawn assuming a k-factor of 1.75. The thickness of the theory curve for k/Mpi = 0.1 illustrates the theoretical uncertainties. (Right) 
The RS results interpreted in the plane of k/Mpi versus graviton mass, and including recent results from other experiments lid. Il3ll . The 
region above the curve is excluded at 95% CL. In both figures, linear interpolations are performed between the discrete set of mass points for 
which the dilepton limits were calculated in Ref. [T3I . 



[19] S. AgostineUi ct ai. (GEANT4 Collaboration), Nucl. Instrum. 

Methods A506, 250 (2003). 
[20] ATLAS Collaboration, ATL-PHYS-PUB-2010-014 (2010), 

|https : //cdsweb . cern. ch/record/ 1303025 
[21] T. Sjostrand et ai., Comput. Phys. Commun. 135, 238 (2001). 
[22] A. Sherstnev and R. S. Thorne, Eur. Phys. J. C55, 553 (2008). 
[23] T. Binoth, et al, Eur. Phys. J. C16, 311 (2000). 
[24] PDF4LHC Working Group, arXiv:1101.0536 (2011). 
[25] A. D. Martin, et aJ., Eur. Phys. J. C63, 189 (2009). 
[26] P. M. Nadolsky, et ai., Phys. Rev. D78, 013004 (2008). 
[27] T. Gleisberg et al., JH EP 02, 007 (2009) . 

[28] ATLAS Collaboration, larXiv:1110."3174l (2011), submitted to 
EPJC. 

[29] ATLAS Collaboration, larXiv:1108.6311l (2011); submitted to 

Phys. Lett. B. 

[30] ATLAS Collaboration, larXiv:1108."5895l (2011), submitted to 

Phys. Lett. B. 

[31] ATLAS Collaboration, larXiv:1107!058l] (2011); submitted to 

Phys. Rev. D. 

[32] ATLAS Collaboration, Eur. Phys. J. C71, 1630 (2011); ATLAS 
Collaboration, ATLAS-CONF-2011-116 (2011), 
https : //cdsweb . cern. ch/record/ 1376384 

[33] M. Kumar, et ai., Phys. Lett. B672, 45 (2009). 

[34] M. Kumar, et al, arXiv:0902.4894 (2009). 

[35] G. Choudalakis and D. Casadei, arXiv:1111.2062 (2011). 

[36] CDF Collaboration, Phys. Rev. D79, 011101 (2009); G. 
Choudalakis, arXiv:1101.0390 (2011). 

[37] A. Caldwell, D. KoUar, and K. Kroninger, Comput. Phys. Com- 
mun. 180, 2197 (2009). 



8 



The ATLAS Collaboration 



G. Aad''^ B. Abbott"o, J. Abdallah", A.A. Abdclalim^^, A. Abdesselani"^ O. Abdinovi°, B. Abi^", M. Abolins^^, 
O.S. AbouZeid^", H. Abramowiczi^^ H. Abrcu"*, E. Acerbi^^'^'^^'', B.S. Acharya^^^aaesb^ Adamczyk^^, 

D. L. Adams^^, T.N. Addy^^ J. Adelmani^^^ Aderholz^^, S. Adomcit^^ P. Adragna^^, T. Adye^^s, S. Aefsky22, 
J.A. Aguilar-Saavedrai23b,a^ M. AharrouchcSO, S.P. Ahlen^i, F. Ahles^^, A. Ahmad"^ M. Ahsan^o, G. Aiellii32a,i32b^ 
T. Akdogan^*'^, T.P.A. Akesson^^, G. Akimoto^^'', A.V. Akimov A. Akiyama'^^ M.S. Alam\ M.A. Alam^^ 

J. Albertl6^ S. Albrand^^, M. Aleksa^^, I.N. Aleksandrov^l F. Alcssandria^s^^, C. Alexa^^*^, G. Alexander^ss, 

G. Alexandre^", T. Alexopoulos^, M. Alhroob^o, M. Alievl^ G. Alimonti**^ , J. Alison"^, M. Aliycyi", P.P. AUport^^^ 

S.E. Allwood-Spicrs5-\ J. Almond^^i, A. Aloisioi°i'"'i°i'', R. Alon^^o, A. Alonso^*, B. Alvarez Gonzalcz^'^, 

M.G. Alviggiioi^'ioi'', K. Amako^s, p. Amaral^^, C. Anielung22, V.V. Ammosovi^^^ A. Amorimi^Sa,^^ q. Amoros^^^, 

N. Amranii52^ C. Anastopoulos^^, L.S. Ancul^ N. Andari""*^ t. Andeen^*, C.F. Anders^", G. Anders^^a^ 

K.J. Andcrson-''°, A. Andrcazza*^'''^*'', V. Andrei'"'®'", M-L. Andrioux'"'-'', X.S. Anduaga'^'', A. Angcrami^'', 

F. Anghinolfi^^, A. Anisenkovio*^, N. Anjos^^^'", A. Annovi"'''', A. Antonaki®, M. Antonelli'^''' , A. Antonov'^^, 

J. Antosi'^^b^ p_ Anullii3ia^ S. Aoun®^^ L. Apcrio BcUa^, R. Apollc"^'^ G. Arabidze*^^ I. Araccnai^s^ Y. Arai^s, 
A.T.H. Arce^'^, J.P. Archambault^s, S. Arfaoui^^^^ J-F. Arguini", E. Arik^Sa^*^ M. Ariki*'", A.J. Armbrustcr^^ 
O. Arnaez^o, C. Arnault"^^ A. Artamonov^"^ q Artonii^ia.isib^ j3 Arutinov^o, S. Asai^^^, R. Asfandiyaroyi^i, 
S. Ask^"^, B. Asmani''''^''''"''^'\ L. Asquith^, K. Assamagan^", A. Astbury^*^^, A. Astvatsatourov''^ B. Aubcrt^, 

E. Augc"4^ K. Augstcni2fi, M. Aurousscaui44a^ q Avolioi'^^ R. Avramidou^, D. Axcni*^'^ C. Ay^^^ q Azuclos^^^d^ 
Y. Azuma^s^^ ^/j a. Baak^^ G. Baccaglioni*^^, C. Baccii^s^^^^sb^ Bach", H. Bachacoui-^'l K. Bachas^", 

G. Bachy2s. M. Backcs^^, M. Backhaus^", E. Badcscu2''^'\ P. Bagnaiai'''i''"'i'''"\ S. Bahinipati^, Y. Bai'''^''', D.C. Bailey^^^, 
T. Bain^-", J.T. Baincs^^s, O.K. Baker^^^^ q Bakcr^^, S. Bakcr^^^ g Banas-^«, P. Banorjcc^^ Sw. Bancrjcei^\ 

D. Banfi^s, A. BaIlgertl'*^ V. Bansal^^®, H.S. Bansil^^ L. Barak"°, S.P. Baranov^-'', A. Barashkou^"*, 

A. Barbaro Galtierii"*, T. Barber'*^ E.L. Barberio*^^ D. Barberis5"'''^°'', M. Barbcro^", D.Y. Bardin^-*, T. Barillari^^ 
M. Barisonzi"3^ ^ ^g^^]^iQ^U2^ Barlow^^, B.M. Barnctt^^s, R.M. Barnetti"*, A. Baroncelli^^Sa^ q Barone'*^ 
A.J. Barr^^^, F. Barrciro^^, J. Barreiro Guimaracs da Costa^^, P. Barrillon^^^, R. Bartoldus^'*^, A.E. Barton^", 
V. Bartsch"8, R.L. Batcs^^, L. Batkova"^^, J.R. Batlcy^^, A. Battaglia^^ M. Battistin^^, F. Bauer^^s, H.S. Bawa^^.e^ 
S. Beale^'^, B. Beare^^^ T. Bcau'^^, P.H. Bcauchcmin^^o^ Bccchcrlc^o^, P. Bechtle^o, H.P. Beck^^ S. Beckcr^^, 
M. Beckinghanii37, K.H. Becksi^-\ A.J. Beddall^^^ A. Beddall^^^^ S. Bedikian^^"^ y.A. Bodnyakov^^, C.P. Bee^^, 
M. Begep4, S. Behar Harpazi^i, p.K. Behera'^^ M. Beimforde9^ C. Belanger-Champagne^"^ p j ^^11*9^ -y^ h. Bell*^ 
G. Bella^s^^ L. Bellagambai^a, p. Bellina^^, M. Bellomo^^, A. BelloniS^, 0. Beloborodovai°*^'/, K. Belotskiy^^, 
O. Beltramello29, S. Ben Ami^^i, O. Benary^-'^^ D. Bcnchckrouni-'^'*^, C. Benchouk*^^ M. Bendel*", N. Bcnckosi^'', 
Y. Benhammou^^^, E. Benhar Noccioli''^, J.A. Benitez Garcia^^**^, D.P. Benjamin^'*, M. Benoit^^'', J.R. Bensinger^^, 
K. Benslama^^*', S. Bentvelsen^O'*, D. Berge^^, E. Bergeaas Kuutmann'*\ N. Berger", F. Berghaus^^^, E. Berglund^o^, 
J. Beringeri'', P. Bcrnat'^^ R. Bcrnhard'*^ C. Bernius^^, T. Bcrry'^^^ C. Bcrtella^^ A. Bertin^^'^'i^'', F. Bertinelli^^, 

F. Bertoluccii2ia,i2ib^ ^ j Besana^^a.ssb^ ^_ Besson^^s, S. Bethke9^ W. Bhimji^s, R.M. Bianchi^^, M. Bianco^i^'^i'^, 
O. Biebel^^ S.P. Bieniek^^^ K. Bierwagen^^, J. Biesiada", M. Biglietti^^Sa^ h. Bilokon^^, M. Bindi^^'^'i^^, S. Binet"^, 
A. Bingul^s^ C. Binii3ia,i3ib^ c_ Biscarat"^^ U Bitcnc^s, K.M. Black^i, R.E. Blair^ J.-B. Blanchard^^^, 

G. Blanchot29, T. Blazek^^a^ c. Blocker22, J. Blocki^s, A. Blondel^^, W. BlumSO, U. Blumenschein^*, 

G.J. Bobbink^o^, V.B. Bobrovnikoyio^, S.S. Bocchetta^^, A. Bocci^*, C.R. Boddy"^ M. Boehler^^, J. Boek^^^^ 

N. Boclacrt^s, S. Boser'^^ J.A. Bogacrts^^, A. Bogdanchikovi°^ A. Bogouch^*''*, C. Bohmi''-'^'\ V. Boisvert■^^ 

T. Bold37, V. Boldea^S'^, N.M. Bolnet^^s, M. Bona^*, V.G. Bondarenko9^ M. Bondiolii^^^ M. Boonekampi^s, 

G. Boorman7^ C.N. Boothi^s, S. Bordoni^^, C. Borer^^, A. Borisov^^?^ q Borissov^°, I. Borjanovic^^a^ g Borroni^^^ 

K. Bos^o", D. Boscherinii^^, M. Bosnian", H. BotcrcnbroodiO"*, D. Bottcrilli^s, J. Bouchami^^ J. Boudrcaui22, 

E. V. Bouhova-Thacker™, D. Boumediene^^, C. Bourdarios"^, N. Bousson82, A. Boveia^o, J. Boyd^^, I.R. Boyko'^"^ 
N.I. Bozhko-^^'^, I. Bozovic-Jelisavcic^^^, J. Bracinik^'^, A. Braem^^, P. Branchini^^^*, G.W. Brandenburg^'^, A. Brandt^, 
G. Brandt"'^, O. Brandt^'', U. Bratzler^^^^ B. Bian^^, J.E. Brau"^ H.M. Braun"^^ g Brclieri-", J. Bremcr^^ 

R. Brenneri^s^ g Brcsslcri™, D. Breton"^, D. Britton^^, F.M. Brochu^^, I. Brock^o, R. Brock^^, T.J. Brodbeck^°, 

E. Brodet^^^^ p Broggi'^^^, C. Brombcrg'^^ J. Bronner^^, G. Brooijmans^^, W.K. Brooks^^'', G. Brown*\ H. Brown'^, 
P.A. Bruckman de Renstrom'''^ , D. Bruncko"^'', R. Bruneliere''^ S. Brunet^°, A. Bruni^'^''', G. Brunii"'\ M. Bruschi^^*, 
T. Buanes^^, Q. Buai^^, F. Bucci^^, J. Buchanan"^, N.J. Buchanan^, P. Buchholz"°, R.M. Buckingham"^, 

A.G. Buckley45, S.I. Buda^^^, LA. Budagov^*, B. Budick^o^ V. Biischer^o, L. Bugge"^ O. Bulekov9^ M. Bunse^^^ 
T. Buran"6, H. Burckhart^^, S. Burdin'^^ T. Burgcss^^, S. Burke^^s^ g Busato^^, P. Bussey^^^ C.P. Buszchoi^^^ 

F. Butin^s, B. Butler"^ J.M. Butler^i, CM. Buttar^^ J.M. Butterworth^^ W. Buttinger^^, S. Cabrera Urbanise, 
D. Caforioi9*'i9b, O. Cakir^^, P. Calafiura^^, G. Calderini''^, P. Calfayan^^ R. Calkinsl°^ L.P. Caloba^^^, 

R. Caloii3ia,i3ib^ Y) Calvet33, S. Calvct^^, R. Camacho Toro^^, P. Camarrii32a,i32b^ Cambiaghi"^^^"^'', 

D. Cameron"^ L.M. Caminada", S. Campana^^, M. Campanelli^^^ V. Canalei°i'^'i°i'', F. Canelh^o-s, A. Canepa^^sa^ 



9 



J. Cantero^s, L. Capassoi°i'''i°i'", M.D.M. Capeans Garrido^^, I. Caprini^S'^, M. Caprini^s^, D. Capriotti^^, 

M. Capua^e^^'^eb^ ^ Caputo^o, C. Caramarcu^^, R. Cardarelli"2a^ t. Garlics, G. Garlino^o^'^, L. Garminati^^^'^^'^, 

B. Garon84, g_ Caroni"^^ G.D. GarriUo Montoya^i, A.A. Garter^^^ J.R. Gartcr^^, J. Garvalhoi23a.'i^ D. GasadeiiO'', 

M.P. Gasado", M. Gascella^^^'^'i^ib^ C. Gaso'™^'^"^'*, A.M. Gastaneda Hernandez"\ E. Gastaneda-Miranda^^S 

V. Gastillo Gimcnczise, N.F. Gastro^^^*, G. Gataldi^^^, F. Gataneo^^, A. Gatinaccio^^, J.R. Gatmore^^, A. Gattai^'', 

G. Gattanii32a,i32b^ GaughronS^, D. Gauzi63a,i63c^ p Cavalleri^^ D. Gavalli8«% M. Gavalli-Sforza", 

V. Gavasinnii2ia.i2ib^ p_ Ceradini^^aa.iasb^ ^ g_ Ccrqueira^^^, A. Gerri^^, L. Gerrito^'', F. Gerutti'*^ S.A. Getini^b, 

F. Geveniniioi'^'ioii^, A. Ghafaqi34a^ d. Ghakrabortyio^ K. Ghan^, B. Ghapleau*'', J.D. Ghapman^^, J.W. Ghapman8^ 
E. Gharcyrc^^, D.G. Gharlton", V. Ghavda^i, G.A. Ghavez Barajas^^, S. Gheatham^^^ g Ghekanov^ 

S.V. Ghekulacyis*^^, G.A. Ghelkov^^, M.A. Ghelstowskai°3, G. Ghen^s, H. Ghen^^, S. Chen^^'^, T. Chen^^'^, X. Ghen^^i, 
S. Gheng32a, A. Gheplakov^^, V.F. Ghcpurnov^^, R. Gherkaoui El Mourslii34e^ V. Ghernyatin^^, E. Gheu*^, 
S.L. Gheungi"^ ^ Ghevalicri'^^^ G. Chician^'^^'''^^^^ , L. Ghikovani^i^ J.T. Ghilders^s, A. Ghilingarov™, 

G. Ghiodini^i^, M.V. Ghizhov^^ G. Ghoudalakis^^", S. Ghouridoui^e, LA. Ghristidi^^^ A. Ghristov^*, 

D. Chromck-Burckhart29, M.L. Chu^^^, J. Ghudobai24, Q. Giapetti^^i^'isib^ ^ Giba^^, A.K. Giftci^^, R. Giftci^'^, 

D. Cinca33, V. Gindro^^^ y^j^^ Giobotarui^s^ C. Giocca^^^, A. Giocioi"*, M. GiriUi^^^ M. Gittcrio^Sa^ j^p Giubancan^S'^, 

A. Glark49, RJ. Glark^s, W. Glcland^^a^ j.C. Glcnicns*^^^ g Glement^s, G. Glcmenti45a,i45b^ Glifft^^s, 
Y. Goadou82, M. Gobali63a,i63c^ ^ Coccaroi^i, J. Gochran^s, P. Goe"^ J.G. Gogani42, j. Goggcshalli64, 

E. Gogncrasi™, J. Golas4, A.P. Golijni"4^ N.J. Gollinsl^ C. Gollins-Tooth''^'\ J. GoUof'^^ G. Golon*^^ P. Gonde 
Muifioi23a^ E. Goniavitis"^ M.G. Conidi", M. GonsonniiO'\ V. Consorti48, S. Gonstantinoscu25a^ C. Gonta"^'^'"^^, 

F. Gonventii"!^^*, J. Gook29, M. Gookei4, B.D. Coopcr^^^ Goopcr-Sarkar"^ K. Gopici4, T. Gornelisseni^^^ 
M. Gorradii"^, F. GorrivcauS4j^ ^ Gortcs-Gonzalczi64^ G. Gortiana'^s, G. Costa^s^, M.J. Gostai*^^, D. Gostanzol■''^ 
T. Gostin^", D. G6te29, R. Goura Torrcs2-^^, L. Gourncycai^s, G. Gowan^^ G. Gowdcn27, B.E. Cox^\ K. Granmci-io^, 

F. Grescioli^2ia,i2ib^ Gristinziani^o, G. Grosetti^^^^^eb^ Qj.^pj7ia,7ib^ g_ Grcpo-Rcnaudin^^ G.-M. Guciuc^'"^^, 

G. Guenca Alnienari^4^ rp c^j^^dar Donszelmanni^s, M. Guratolo47, G.J. Gurtis^^ G. Guthberti49, p. Gwctanski'^", 

H. Gzirri40^ p_ Czodrowski43, Z. Gzyczulai^4^ g_ D'Auria^^^ j^p D'0nofrio^2^ ^ D'Orazioi^i^^i^ib^ P.V.M. Da SiW^^, 

G. Da Via^S W. Dabrowski^^, T. Dai^e, G. Dallapiccola^^ M. Dam^s, M. Dameri^o^'SOb^ p, g_ Damianii^e^ 

H. O. Danielsson29, D. Dannheim^^^ y. Dao49, G. Darbo'™^, G.L. Ba.rlca^"''^ , C. Daumi"4^ w. Davcy20, T. Davideki25, 
N. Davidson^^ R. Davidson™, E. Davics"'^^^ M. Davics'^2^ ^.R. Davison™, Y. Davygora'"^'^''^, E. Dawci4i^ j_ Dawson^s, 
J.W. Dawson-"^'*, R.K. Daya-Ishniukhamctova22, K. Dc^, R. dc Asmundis^"!^, S. Dc Gastro^^^'^^'^, 

RE. De Gastro Faria Salgado24, S. De Gecco^^ J. de Graat^^ N. De Grooti°3, P. de Jongio4, c. De La Taille"*, 

H. De la Torre™, B. De Lottoi^^'^-i^^c^ p Mora™, L. De NooijlO^ D. De Pedis^^^i'^, A. De Salvo^^i^, 

U. De Sanctisi63a,i63c^ ^ p^ Santoi48, J.B. De Vivie Dc Rogic"4^ s. Dean™, W.J. Doarnalcy™, R. Dcbbe24, 

G. Debenedetti'*^ D.V. Dedovich64, J. Degenliardt"^, M. Dehchar"^, G. Del Papai'^^a.iesc^ j Peso™, 

T. Del Pretei2ia,i2ib^ -p pglemontex^s, M. Deliyergiyev™, A. Dell'Acqua^^, L. Dell'Asta^i, M. Delia Pietral°l'*'^ 

D. della Volpe™!'''™!'', M. Delniastro4, N. DelruolIc29, P.A. Dclsart^s, G. Delucai47^ S. Dcmcrsi^4^ j^p Dcniicliev64, 

B. Demirkoz"''=, J. Dengi<^2^ g p Denisov^^?^ p Derendarz^s, J.E. Derkaoui"'''*, F. Derue^^ P. Dervan'^2^ Desch20, 

E. Devetak"7, p.Q. Deviveiros^o^, A. Dewhurst^^s^ g DeWilde"^ S. Dhaliwal^^^ R. Dhullipudi24.', 

A. Di Giaccioi32a,i32b^ p Pi Ciaccio'', A. Di Girolamo^^, B. Di Girolamo^^, S. Di Luisei^s^^issb^ ^ pj Mattia^^i, 

B. Di Micco29, R. Di Nardo^^ A. Di Simone"2a,i32b^ P)j gjpjQigaagb ^ Diaz^i^^, F. Diblen^s^ E.B. Diehl^^, 
J. Dietrich44, T.A. Dietzsch^S'^, S. Diglio^^, K. Dindar Yagci^^, J. Dingfoldcr20, G. Dionisi^^^^'^^^^, P. Dita^^*, 

S. Dita^S'^, F. Dittus29, F. Dja^la*^ T. Djobava^^'^, M.A.B. do Vale23=, A. Do Vallc Wcmansi23a^ T.K.O. Doan4, 
M. Dobbs84, R. Dobinson 29.*, D. Dobos^^, E. Dobson29''", J. Dodd34, G. Doglioni49, T. Doherty^^, Y. Doi^s-*, 
J. Dolejsii25, I. Dolenc™, Z. Dolezal^^s^ g a. Dolgoshein^s.*, T. Dohmae^^^, M. Donadelli^^d, M. Donega"^ 
J. Donini33, J. Dopke29, A. Doria™!'^, A. Dos Anjos"\ M. Dosil", A. Dottii2ia,i2ib^ y^ rj, po^a^s, J.D. Dowelll^ 
A.D. Doxiadis™'', A.T. Doyle^^^ 2. Drasal^^s^ j Drees^™, N. Dressnandt"^, H. Drevermann29, G. Driouichi^s, 
M. Dris^, J. Dubbert^s, S. Dube^^, E. Duchovnii™, G. Duckeck^^, A. Dudarev^^, F. Dudziak^^ M. Diihrssen ^9, 
LP. Duerdoth^i, L. Duflot"4^ M-A. Dufour84, M. Dunford29, H. Duran Yildiz^^ R. Duxficldi-''^, M. Dwuznik^^, 

F. Dydak 29, M. Diiren52, W.L. Ebenstein44, J. Ebke^^ S. Eckweiler^o, K. Edmonds^o, G.A. Edwards™, 
N.G. Edwards^s, W. Ehrenfeld^S T. Ellrich9^ T. Eifert^^^^ G. Eigen^^ K. Einsweileri4, E. Eisenhandler74^ 
T. Ekelof™^ M. El Kacimii34c, M. Ellertl6^ S. Ellcs^ F. Ellinghaus^" , K. Ellis^", N. Ellis^^, J. Elnisheuscr"^ 

M. Elsing29, D. Emeliyanov^^s^ ^ Engelmann"^, A. Engl^'^, B. Epp^^^, A. Eppig^^, J. Erdmann54, A. Ereditato™, 
D. Erikssoni45a, j. Ernst\ M. Ernst24, J. Ernwein^^s, D. Errede^^^, S. Errede^^^, E. ErteP, M. Escalieri", 

G. Escobari22, x. Espinal GuruU", B. Esposito47, F. Eticnno82, A.L Etienvre^^s^ p_ Etzioni52^ p_ Evangclakou^^, 

H. Evans™, L. Fabbrii^'^'is'^, G. Fabre29, R.M. Fakhrutdinoyi^^, S. Falciano^ia, y. Fang^^i, M. Fanti^^a.ssb^ 
A. Farbin'^, A. Farilla^^^^, J. Farley"'^, T. Farooque^^"^, S.M. Farrington^^'^, P. Farthouat^s, R Fassnacht^^, 

D. Fassouliotis^ B. Fatholahzadehi^^, A. Favareto*^'''^^'', L. Fayard"'', S. Fazio36'^'36b^ Febbraro^^, R Federic"^'*, 
G.L. Fedini20, W. Fedorko^^, M. Fehling-Kaschek48, L. Feligioni82, D. Fellmann^, G. Feng32d, e.J. Feng^o, 
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A.B. Fenyuk^^"^, J. Ferencei^^^*", J. Ferland^^, W. Fernando^°^, S. Ferrag^^, J. Ferrando^^, V. Ferrara''^ A. Fcrrari^^^, 

P. FerrarfiO'', R. Ferrari"^'^, A. Ferrer^^^^ M.L. Ferrer^'^, D. Ferrere^^, C. Ferretti^'^, A. Ferretto Parodi^O'^'^"'', 

M. Fiascaris^o, F. Fiedler^o, A. Filipcic^^^ A. Filippas^ F. Filthautio^, M. Fincke-Keeleri^s, M.C.N. Fiolhaisi^aa,?^^ 

L. Fiorinii66^ Firan^^, G. Fischer^i, P. Fischer ^o, M.J. Fisher^os^ m. Flechl^^, I. Flecki"", J. Fleckner^o, 

P. Fleischmanni'^2^ g Fleischmann"^^ Flick^^^^ l Flores Castillo^'^S M.J. Flowerdew'^^, M. Fokitis'', 

T. Fonseca Martinis, D.A. Forbush^^^^ A. Formicai^s, A. Forti*\ D. Fortini^*'^, J.M. Foster^^ D. Fournierii'*, 

A. Foussat^s, A.J. Fowler'*'^, K. Fowler^^e, H. Fox'^o, P. FrancaviUa", S. Franchino"^'''"^^, D. Francis^^, T. Frank^^^, 

M. Franklin^^, S. Franz^^, M. Fraternali"^^^"^'', S. Fratina"^ S.T. French^^, F. Friedrich R. Froeschl^^, 

D. Froidevaux29, J.A. Frost^^, C. Fukunagai^s^ E. Fullana Torregrosa^^, J. Fustcri^^^ c. Gabaldon^^, O. Gabizoni'^", 

T. Gadfort24, S. Gadomski^", G. Gagliardi^o^'SOb^ Gagnon^", C. Galca^^, E.J. Gallas"^ V. Gallo^^ B.J. Gallop^^s, 

P. Gallusi24, K.K. Ganios, Y.S. Gao^^.e^ y.A. Gapienko^^^^ A. Gaponenko^^, F. Garberson^^^^ j^/j Garcia-Sciveres", 

C. Garci'ai66^ J.E. Garcia Navarroi^e^ R.W. Gardncr^o, N. Garelli^^, H. GaritaonandiaiO"*^ V. Garonnc^^, J. Garvey^^, 

C. Gatti'*^ G. Gaudio"«'^ O. Gaumcr^o, B. Gaur^^o, L. Gauthier^^s, I.L. Gavrilenko^^^ C. Gay^^^, G. Gaycken^o, 

J-C. Gayde^s, E.N. Gazis^ P. Go^^^, c.N.P. Gee^^s, D.A.A. Geertsl"^ Ch. Geich-Gimbepo, K. Gcllerstedt^^^^'i^^^, 

C. Gcmmc^o^, A. GcmnielP^^ M.H. Gcncst5'\ S. Gcntilci-'^i^^i^ib^ George^^^ g_ Gcorge^^ P. Gerlach^^^^ 

A. Gcrshon^s^ C. GcwcnigcrS*^^, H. Ghazlanci^^b^ Ghodbanc^^, B. Giacobbci^^^ g. Giagu^i^.iaib^ 

V. GiakoumopoulouS, V. Giangiobbc", F. Gianotti^", B. Gibbard^^, A. Gibson^-", S.M. Gibson^^, L.M. Gilbert"^ 
V. Gilcwsky^o, D. Gillbcrg^^, A.R. Gillmani^s. D.M. Gingrich^''*, J. Ginzburgi'^^ N. Giokaris^ M.P. Giordanii^^c^ 
R. Giordanoioi'^'ioi^, P.M. Giorgii-\ P. Giovannini''*, P.P. Giraudi-'''\ D. Giugni««'\ M. Giunta'^^ P. Giusti^^^, 

B. K. Gjclstcn"^ L.K. Gladilin^^ C. Glasniaii^», J. Glatzcr^^, A. Glazov^i, K.W. Glitzai^-\ G.L. Glonti^^ 
J.R. Goddard^4^ J. Goclfrcyi^i, J. Godlcwski^^, M. Gocbcl^i, T. Gopfcrt^^ C. GocringcrS", C. G6ssling42, 

T. G5ttfcrt»s, S. Goldfarb^e, T. GoUingi^^^ S.N. Golovniai^^, A. Gomcsi^sa,^^ l.S. Gomez Fajardo'^S R. Gongalo^^ 
J. Goncalves Pinto Firmino Da Costa'*^, L. Gonella^", A. Gonidec^^, S. Gonzalez^^^, S. Gonzalez de la Hoz^^^, 

G. Gonzalez Parra^^, M.L. Gonzalez Silva^®, S. Gonzalez-Sevilla'*^, J.J. Goodson^'*^, L. Goosscns^^, P.A. Gorbounov^^, 

H. A. Gordon24, 1. Gorelov^^^ G. Gorfinc"^^ b. Gorini^^, E. Gorini^i^^'^i'', A. Gorisek^^, E. Gornicki^^, 
S.A. Gorokhovi27^ V.N. Goryaclicvi^^, B. Gosdzik^i, M. Gosselinkio^^ M.I. Gostkin^"*, I. Gough Eschrichi^s^ 

M. Gouighrii-''4a^ Goujdamii^''4c^ j^j p Goulettc^^ A.G. Goussiou^^^^ C. Goy^, S. Gozpinar^^, I. Grabowska-Bold^^, 
P. Grafstr5m29, K-J. Grahn^i, F. Grancagnolo^^^, S. Grancagnolo^^, V. Grassi^^^^ V. Gratchcyi^o^ N. Grau'^^^ 

H. M. Gray20, J.A. Gray^^^^ E. Grazianii^Sa^ q.G. Grebenyuk^^", T. Grcenshaw^^ Z.D. Grecnwood^^.', K. Grcgersen^^, 

I. M. Gregor^i, P. Grenieri^s, J. Griffithsi^^, N. Grigalashvili^", A.A. GriUo^e, S. Grinstein", Y.V. Grishkevich^e, 
J.-F. Grivaz"4^ M. Groh^^, E. Gross^™, J. Grosse-KnetterS^, J. Groth-Jensen^™, K. Grybel^o, V.J. Guarino^, 

D. Guesti^'^, C. Guichcney33, A. Guida^^^'^i'', S. Guindon^^, H. Guler^^'", J. Guntlieri24, B. Guo^^^ J. Guo^^, 

A. Gupta^o, Y. Gusakov64, V.N. Gushchini27, A. Gutierrez^^, p. Gutierrez"", N. Guttmani^s, Q. Gutzwiller^^i, 

C. Guyot^^s^ Q Gwenlan"^ C.B. Gwilliam^^ A. Haas"^ S. Haas^^, C. Haber", H.K. Hadavand^^, D.R. Hadley^^ 
P. Haefner^*, F. Hahn^o, S. Haider^^, Z. Hajdub''^ H. Hakobyan"^ D. Hall"^, J. Haller^^, K. Hamacheri^^^ 

P. Hamal"2, M. Hamer^^, A. Hamilton"4b,o^ g Hamiltoni^o, H. Han^^a, L. Han32b, K. Hanagaki"^, K. Hanawal5^ 

M. Hance^^, C. HandeF, P. Hanke^^^, J.R. Hansen^s, J.B. Hansen^^, J.D. Hansen^^, RH. Hansen^^, P. Hanssoni42, 

K. Harai59, G.A. Harci^e, T. Harcnbergi^^^ g Harkusha*^^, D. Harper^e, R.D. Harrington^s , O.M. Harris^^^, 

K. Harrisoni^ J. Hartert^^^ F. Hartjesl°^ T. Haruyama'^s^ A. Harvey5^ S. Hasegawa^oo, Y. Hasegawa^^s, 

S. Hassanii35, M. Hatches, D. HaufP^, S. Haugl^ M. Hauschild^^, R. Hauser^^, M. Havranek^o, B.M. Hawes"^ 

CM. Hawkcsi^, R.J. Hawkings^^, A.D. Hawkins^^ D. Hawkinsi*^^^ rp_ Hayakawa^^^^ rj. jjayashii^a, D. Hayden^^ 

H.S. Hayward^2^ g j Haywoodi^s, E. Hazen^i, M. He32d, g.j. Head^^ V. Hedberg^^, L. Heelan^ S. HeimS^, 

B. Heinemann", S. Heisterkamp^^ , L. Helary^, C. Heller^^, M. Heller^s, S. Hellman"5a,i45b^ D Hellmich^o, 

C. Helsens", R.C.W. Henderson™, M. Henke^®'', A. Hcnrichs'"^"^ A.M. Henriques Correia^^, S. Henrot-Versille"^, 
F. Henry-Couannier*2^ q Hensel^'', T. Henfi^^^, C.M. Hernandez^, Y. Hernandez Jimenez^^^, R. Herrberg^^, 

A.D. Hershenhorni^i, G. Herten^^, R. Hertenberger^^, L. Hervas^^, N.P. Hesseyi""^ e. Higon-Rodriguezi^e, D. Hill^'*, 
J.C. Hill27, N. Hill^, K.H. Hiller^i, S. HiUert^o, S.J. Hillicrl^ I. Hinchliffc", E. Hines"^, M. Hirose"^^ F. Hirscli^^, 

D. Hirschbuelili73^ J. Hobbs"^ N. Hodi52, M.C. Hodgkinsoni^s, p. Hodgson^^s, A. Hoecker29, M.R. Hoeferkainpi02 , 
J. Hoffmanns, D. Hoffmann82^ jyj Hohlfeld«°, M. Holderi^o, g.Q. Holmgrcni^sa Bolyi26, J.L. Holzbauer^^ 

Y. Honlma<'^ T.M. Hong"^ L. Hooft van Huysduynen^o^, T. Horazdovskyi26^ C. Horn"2^ g. Horner''^, 

J-Y. Hostachyss, S. Houi^o, M.A. Houlden72^ ^ Hoummada"*^^ j. HowarthSi, D.F. Howell"^ I. Hristova 

J. Hrivnac"^, I. Hruskai24, T. Hryn'ova^ P.J. Hsu«°, S.-C. Hsu^^, G.S. Huang^o, Z. Hubaceki26, p. Hubaut«2^ 

F. Huegging2", A. Hucttmann^i, T.B. Huffman"'^, E.W. Hughes^", G. Hughes'^", R.E. Hughes- Jones^\ M. Huhtinen29, 

P. Hurst", M. Hurwitzi4, U. Husemann^i, N. Huseynov'^'^'P, J. HustonS^ J. Huth^^, G. lacobucci^^^^ G. lakovidis^, 

M. Ibbotson^^, I. Ibragimov^'*°, R. Ichimiya^^, L. Iconomidou-Fayard^"'^^, J. Idarraga^^"', P. lengo^^^**, O. Igonkina^°'*, 

Y. Ikegami^^s^ M. Ikeno^s, Y. Ilchenko'''^, D. Ihadis^^^^ N. Ilic^'", D. Imbault^^, M. Imorii^"^ rp i^^^^2a^ 

J. Inigo-Golfin29, P. loannou^, M. lodice^^sa^ v. Ippolitoi^i^.isib^ A. Irles Quilesl'^^ C. Isaksson^es, A. Ishikawa^^, 
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M. Ishino'^^, R. Ishmukhametov^^, C. Issever"'^, S. Istin^^^, A.V. Ivashin^^?^ Iwanski^^, H. Iwasaki^^s, J.M. Izen"*", 
V. Izzo^oi'', B. Jackson"9, J.N. Jackson^^ P. Jacksoni^a, M.R. Jaekel^^, V. Jain^^, K. Jakobs''^ S. Jakobsen^^, 
J. Jakubeki26, D.K. Jana"o, E. Jankowski^s^^ E. Janscn^^ H. Janscn^^, A. Jantsch^^, M. Janus^o, G. Jarlskog'■^ 
L. Jeanty", K. Jelen^^, 1. Jen-La Plante^^, P. Jennies, A. Jeremie"*, P. Jez^^, S. Jezequel^, M.K. Jha^^'', H. Ji^^i, 
W. Ji^o, J. Jia^^^ Y. Jiang^^b^ M. Jimenez Belenguer^S G. Jin^"^^, S. Jin^^", Q. Jinnouchii^e, M.D. Joergensen^^, 

D. Joffe^s, L.G. Johansen", M. Johanseni45a445b^ -^^ Johansson^^a^ p Johansson^^s, S. Johnerf*!, K.A. Johns^ 
K. Jon-And"^'''"^^, G. Jones8\ R.W.L. Jones™, T.W. Jones''^ T.J. Jones^^^ O. Jonsson^^, C. Joram^^, 

P.M. Jorgei23a^ J. Joseph", T. Jovini^b, X. Ju^^^, C.A. Jung^^^ R.M. Jungst^^, V. Juraneki24, p. Jussel*^i, 

A. Juste Rozas", V.V. Kabachenkoi^^^ S. Kabana^^, M. Kacii^^, A. Kaczmarska^^, P. Kadlecik^^, M. Kado^", 

H. Kaganios^ M. Kagan", S. Kaiser^^, E. Kajomovitzi^i, S. Kalinini^^ L.V. Kalinovskaya*^'*, S. Kama^^, 

N. Kanaya^S'', M. Kaneda^^, S. Kaneti^^, T. Kannoi^e, V.A. Kantserov^^^ J. Kanzaki^s, B. Kaplan^^^^ a. Kapliy^", 
J. Kaplon^s, D. Kar''^, M. Karagounis^o, M. Karagoz^i"^, M. Karnevskiy''\ K. Karr^, V. Kartvelishvili"^", 
A.N. Karyukhini27^ l. Kashifi^i, G. Kasieczka^sb^ r.d. Kass^^^^, A. Kastanas^^, M. Kataoka", Y. Kataokai^"*, 

E. Katsoufis^, J. Katzy^i, V. Kaushik^', K. Kawagoe*^^ T. Kawamotoi'"^"^ q Kawamura^", M.S. Kayli""*^ 
V.A. Kazaninio^ M.Y. Kazarinov^^, R. Keeler^es, R. Kehoe^^, M. Keil^^^ q p Kekelidze^^, J. Kennedy^^, 

C. J. Kenneyi42^ M. Kenyon^^, Q. Kepkai24^ N. Kerschen^^, B.P. Kersevan^^ S. Kersteni^-\ K. Kessokui'"^"^ 
J. Keungi", F. Khalil-zada"', H. Khandanyani^'", A. Khanov"!, D. Kharehenkof'", A. Khodinov^-\ 

A.G. Kholodenkoi27. A. Khomiclr'^«'\ T.J. Khoo^^ G. Khoriauli^o, A. Khoroshilovi^'l N. Khovanskiy*54^ 

V. Khovanskiy*^"^ ^ Khramov^^, J. Khubua:'^"\ H. Kimi^Sa.wsb^ ^^^^2^ p q Kim"^ S.H. Kimi'"^'\ N. Kimura^^^, 

O. Kindts, B.T. King'2, M. King^e, R.S.B. King"^ J. Kirk^^s, L.E. Kirsch^^ A.E. Kiryunin'^8^ rj. Kishimoto'^*^^ 

D. Kisielewska-''^ T. Kittehnanni22, A.M. Kivei-i^^. E, Kladiva^^b^ j. Klaiber-Lodewigs42, M. Kk;in^2 Kk;in^^ 
K. Kleinknecht^o, M. Klemetti^^, A. Klier^'", P. Klinieki45a,i45b^ Klimentov^^, R. Klingenberg42, E.B. Klinkby^^, 
T. Klioutchnikova2^ P.P. Klok^o^^ S. Klous^O"*, E.-E. Kluge''^^'^, T. Kluge^^ P. KMt^°'^, S. Kluth^*, N.S. Knecht^^^, 

E. Kneringer^i, J. Knobloch^^, E.B.F.G. Knoops82, A. Knue'^"^ p j^o44^ rp Kobayashi^^^^ ^ Kobel^^, 

M. Kociani42^ R Kodys^^s, K. Koneke^^, A.C. Kdnigi"^^ s. Koenig^o, L. K6pke*^o, F. Koetsveldi°3^ P. Koevesarki^o, 
T. Koffas^s, E. Koffemani""^ p.A. Kogan^", F. Kohn^^, Z. Kohouti^e, T. Kohriki^s, T. Koi^^^, T. Kokott^o, 

G. M. Kolaehevi"^^ r. Kolanoskil^ V. Kolesnikov*^^^ j Koletsou^s^, J. KoU^^, D. KoUar^^, M. KoUefrath^s, 
S.D. Kolya^i, A.A. Komar^^^ y. Komorii^"^ rj. ^ondo^s, T. Kono^i^s, A.I. Kononov^^, R. Konoplichi"^^'', 

N. Konstantinidis"^^, A. Kootz"^^ s. Koperny^"^, K. KoreyP*^, K. Kordas^'''^, V. Koreshev^^T^ Korn"^, A. Korol^'^'^, 

I. Korolkov", E.V. Korolkova^s, V.A. Korotkoyi^^, Q. Kortner^s, S. Kortner^^, V.V. Kostyukhin^o, M.J. Kotamaki^^, 
S. Kotov^s, V.M. Kotov*^'*, A. Kotwal^^, C. Kourkoumelis^ V. Kouskoural5^ A. Koutsmani^sa^ r_ Kowalewskii^s, 
T.Z. Kowalski^^, W. Kozaneeki^^s, A.S. Kozhin^^T^ y. Kral^2^ V.A. Kramarenko9^ G. Kramberger'^^ M.W. Krasny^'^, 
A. Krasznahorkay^°^, J. Kraus*^, J.K. Kraus^°, A. Kreisel^^^, F. Krejci^^^, J. Kretzschmar^^, N. Krieger^'*, 

P. Kriegeri57^ K. Kroeninger^*, H. Kroha9^ J. Kroll"^ J. Kroseberg^", J. Krstic^^a^ Kruchonak6^ H. Kriiger^o, 
T. Krukeri^ N. Krumnack^^, Z.V. Krumshteyn^^, A. Kruth^o, T. Kubota*^ S. Kuehn^s, A. Kugel^^c^ rp j^^y4i^ 
D. Kuhn^i, V. Kukhtin64, Y. KulchitskyS^, S. Kuleshov^i^, C. Kummer^^ M. Kuna^^ N. Kundu"^ J. Kunkle"^, 
A. Kupcoi24, H. Kurashige'^e^ M. Km&ta^^^, Y.A. Kurochkin^^, V. Kus^^'^, E.S. Kuwertz"^, M. Kuze^^^, J. Kvita"S 
R. Kweel^ A. La Rosa'*^ L. La Rotonda^e^'Seb^ p Labarga™, J. Labbe*, S. Lablaki34a^ c. Lacasta^^^, 

F. Lacava"ia,i3ib^ jj Lacker^s, D. Lacour^^, V.R. Lacuestai^*^, E. Ladygin^^, R. Lafaye", B. Laforge^'', T. Lagouri™, 
S. Lai^^ E. Laisne^s, M. Lamanna^^, C.L. Lampen^, W. Lampl^ E. Lancon^^s, u. Landgraf'*^ M.P.J. Landon^^, 

H. Landsman^'''^, J.L. Lane*^, G. Lange^^, A.J. Lankford^^^, F. Lanni^**, K. Lantzsch^'''^, S. Laplace''^, C. Lapoire^", 
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A. Leger49, B.G. LeGeyt"^ F. Legger^^ G. Leggett", M. Lehmacher^o, G. Lehmann Miotto^^, X. Lei^ 
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W.S. Lockmani36, t. Loddenkoetter^o, F.K. LoebingerSi, A. Loginoyi^'', G.W. Lohi67, t. Lohsei^, K. Lohwasser^s, 
M. Lokajiceki24, j. Loken V.P. Lombardo^, R.E. Long™, L. Lopes^^Sa.b^ p Pppg^ Mateos^^, J. Lorenz^^ 
M. Losada^^i, P. Loscutoff", F. Lo Sterzo^^iaasib^ j^pj_ postyis^^, X. Lou^o, A. Lounis"*, K.F. Loureiro^^S J. Love^S 
P.A. Love™, A.J. Lowe"2.e^ p. pu32a^ p[ Lubatti"7, G. Luci"ia-i3ib^ a. Lucotte^^, A. Ludwig^^^ D. Ludwig^^, 



12 



1. Ludwig''^, J. Ludwig^s, F. Luehring^o, G. Luijckxi"", d. Lumh*^, L. Luminarii^ia^ e. Lund"^, B. Lund-Jensen"^^ 

B. Lundberg7^ J. Lundberg^^^'^'i^^b^ Lundquist^^, M. Lungwitz^o, G. Lutz^^, D. Lynn^^, J. Lys", E. Lytken7^ 
H. Ma24, L.L. Ma^"^!, J. A. Macana Goia'^^^ q A/Eaccarronc"*^, A. Macchiolo^^, B. MaceF^^ j_ Machado Miguens^^^**, 
R. Mackcprang35, R.J. Madaras", W.F. Mader'^^^ Macnncr''^*^^ T. Maeno^", P. Mattig^'^^^ Mattig^\ 
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